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Overview 
The primary goal of forest management is increasingly focused on maintenance of biodiversity, 

compared to a historic emphasis on timber production alone (Keeton and Crow 2009). Maintaining avian 

diversity in forest ecosystems affords many benefits for forest health and productivity because birds 

provide numerous ecological services such as seed dispersal and pest control (Krieger 2001, Whelan et 

al. 2008, Philpott et al. 2009, Sekercioglu et al. 2012, 2017). Further, because birds integrate 

environmental variables over space and time, changes in forest bird communities provide meaningful 

signals of local forest health or degradation (Niemi and McDonald 2004, Gnass Giese et al. 2015). To 

better understand the interaction between forest management and bird populations, Bayfield County 

Forest conducted point-count bird surveys across their managed lands from 2008 to 2011. 

The overall objective of the project was to develop a useable tool that allows foresters to assess the 

influence of cover type, succession, and forest management on bird species and communities to inform 

management decisions. To assess the relationship between species abundance, cover type, and age 

class, we used produced classification and regression trees (CART) to predict point-count abundance of 

46 bird species (Breiman 1984). We also conducted indicator species analysis based on cover type 

associations for 67 bird species (Dufrêne and Legendre 1997). We developed an R Shiny web application 

to make model outputs useable and interactive. Specifically, the application allows users to input the 

current and potential future primary cover type and size class to see the predicted point-count 

abundance under each scenario. This web application will help foresters visualize the impacts of 

changing cover and succession. Further, it will allow exploration and analysis of multiple management 

options. 

Bird communities can serve as important bioindicators because bird diversity has been shown to 

correlate with overall biodiversity of other taxonomic groups (Kati et al. 2004). Therefore, determining 

the impacts of forest management on bird diversity can be an effective tool in environmental planning 

and management (Grantham et al. 2010). We used a combination of multivariate analyses approaches 

to assess differences between bird communities in relation to forest types and stand thinning over time. 

We also used indicator species analyses to identify characteristic species within bird communities. 

Specifically, we assessed the differences in bird communities between: oak and northern hardwood 

stands, thinned and unthinned oak stands,  jack pine and red pine stands, red pine stands that have 

been thinned over time, and aspen stands in different age classes.  

Below we present methods and results of these analyses along with a brief discussion and identify  

potential next steps. 

 

Methods 

Point-count data 
Bayfield County Forest is located across Bayfield County, Wisconsin. It comprises over 68,500 hectares of 

managed lands (Fig. 1). Forest habitats are diverse across the county; dominant cover types include 

aspen, oak, jack pine, and brush lands. Soils in this region are mostly spodosols, which are well-drained, 

sandy soils.  
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Point counts were conducted by Matthew Berg during the breeding season (early June through early 

July) from 2008 to 2011. Bird surveys conducted during this season are often referred to as breeding 

bird surveys (BBS). Point-count locations were distributed across 197 forest management compartments 

and 780 stands. Stands were most frequently represented by a single point count (40%), but some had 

as many as seven point-count locations. Point-count locations were placed at least 100 m from stand 

boundaries. Unlimited radius, 10-min point counts were used per Howe et al. (1997). All birds heard or 

seen during a count were recorded along with detection type (e.g. singing, calling, observed).  

A total of 1,200 point-count locations were surveyed during this project (Fig. 1). A total of 350 point 

counts were conducted in both 2008 and 2009, 281 (including 28 resamples) in 2010, and 275 (including 

28 resamples) in 2011. We did not include resample data in the analyses. Only birds detected within a 

100 m radius of the point count were included in the analyses to ensure observations were within the 

target stand. 

For analyses involving primary cover type, point counts were limited to those with a primary cover type 

represented by a minimum of 12 point counts. Table 1 lists the primary cover type classes included in 

analyses and classes that were lumped or excluded from analysis. 

Species-specific analysis 
For all species with a minimum of 30 detections, we estimated CART models to examine the 

relationships between cover type, age, and bird abundance (Breiman 1984). We used primary land cover 

and size class as predictor variables; these data were obtained by Bayfield County Forest and followed 

the Wisconsin Forest Inventory and Reporting System (WisFIRS). We used ten-fold cross-validation to 

choose the complexity of the models and reduce the potential for overfitting the data. After fitting 

models to all species with at least 30 records, we excluded models with only one predicted outcome (i.e. 

ǘǊŜŜǎ ǿƛǘƘ ŀ ǎƛƴƎƭŜ ǘŜǊƳƛƴŀƭ ƴƻŘŜύΦ /!w¢ ƳƻŘŜƭǎ ǿŜǊŜ Ŧƛǘ ƛƴ w ǳǎƛƴƎ ǇŀŎƪŀƎŜ άǊǇŀǊǘέ ǿƛǘƘ ǘƘŜ tƻƛǎǎƻƴ 

method (R Core Team 2017, Therneau et al. 2017).  

To visualize the model outputs we derived dendrogram figures for each CART model using R package 

άǊǇŀǊǘΦǇƭƻǘέ (Milborrow 2018). We also used the CART model output to produce predicted species 

distribution maps based on 2018 cover data for all Bayfield County Forest stands with information on 

primary cover type and size class. 

For species detected at a minimum of 10 point-count locations, we derived Percent Perfect Indicator 

(PPI) models (also known as IndVal) to better understand the associations between primary cover types 

and bird species (Dufrêne and Legendre 1997). PPI integrates the proportion of individuals of a given 

species in a given cover type with the proportion of sites in that cover type that were occupied by the 

species to provide an indicator of how closely a species is associated with that cover type. The P-value 

for PPI indicates if a species is a significant indicator of a cover ǘȅǇŜΦ 9ǾŜƴ ƛŦ ŀ ƎƛǾŜƴ ǎǇŜŎƛŜǎΩ ttL ƛǎ ƴƻǘ 

significant, the PPI figure may still be useful for evaluating which cover types a species used most 

ŦǊŜǉǳŜƴǘƭȅΦ ttL ƳƻŘŜƭǎ ǿŜǊŜ Ŧƛǘ ǳǎƛƴƎ w ǇŀŎƪŀƎŜ άƭŀōŘǎǾέ (Roberts 2016). 

Bird community analysis 
We used a combination of multivariate analysis approaches to assess differences between bird 

communities in relation to forest type and stand thinning over time. We calculated mean richness per 

stand for all stands sampled (n = 780) using the 1,200 point-count locations. To determine how diversity 

varied between cover types, we also calculated mean richness and Shannon diversity by primary cover 

type (Shannon and Weaver 1963, Hurlbert 1971). To avoid rare (at least in the target cover type) species 
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dominating the community analyses and spurious results from the PPI analyses, we removed all species 

with less than 10 records. In all cases of multiple comparisons, we controlled the false discovery rate 

ǳǎƛƴƎ .ŜƴƧŀƳƛƴƛ ŀƴŘ IƻŎƘōŜǊƎΩǎ ŀǇǇǊƻŀŎƘ (1995). 

Oaks and Northern Hardwoods. We used a permutational MANOVA (Anderson 2001) to test for 

significant differences in community assemblages between the following: oak versus northern 

hardwood stands and thinned oak stands versus unthinned oak stands. Stands were limited to those 

with a size class of > 5 inches. Permutational MANOVA was carried out on the Bray-Curtis dissimilarity 

ƛƴŘŜȄ ǳǎƛƴƎ w ǇŀŎƪŀƎŜ άǾŜƎŀƴέ (Bray and Curtis 1957, Legendre and Legendre 2012 p. 311, Oksanen et 

al. 2017). We then conducted an indicator analysis to assess characteristic species for each community 

(cover type or thinning treatments; Dufrêne and Legendre 1997). We considered any species with a 

significant PPI for a given cover type or thinning treatment to be characteristic of that community.  

Pine Forests. We used the approach outlined above to assess differences in bird communities  between 

red pine and jack pine stands and the impact of thinning in red pine stands with 0, 1, 2, or 3 thinnings. 

Specifically, we limited analysis to a single soil moisture regime (very-dry to dry; Kotar et al. 1988) and 

compared the two cover types within size classes 0ς1, 1ς5, and > 5-inch diameter at breast height 

(DBH). We lumped size classes 5ς11 and > 11 inch because there were insufficient records to analyze 

them separately. We limited the red pine thinning comparison to size classes > 5 inch because thinning 

was never applied in red pine size classes <5 inch. We also fit ANOVA models to the red pine stand data 

to assess the effect of thinning on species richness and diversity. We fit a model with species richness as 

the response variable and another with Shannon diversity as the response variable; both models used 

times thinned as the predictor variable. 

Aspen. To assess the relationship between changes in bird diversity and age in aspen stands, we plotted 

mean species richness and Shannon diversity in aspen stands by age and overlaid this with a loess 

smoothed trend line (Cleveland et al. 1992). We then used a multivariate regression trees (MRT) analysis 

to partition species assemblage in aspen constrained by stand age ό5ŜΩŀǘƘ нллнύ. We used ten-fold 

cross-validation to select the tree complexity that minimized the relative error rate. These analyses were 

ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ w ǇŀŎƪŀƎŜ άƳǾǇŀǊǘέ ό5ŜΩŀǘƘ нлмпύ. Finally, we applied PPI to the age communities 

identified by MRT to identify characteristic species for each age group. 

Website 
We produced a web application using the R Shiny package to provide interactive use of the CART models 

(Chang et al. 2017). The application will be hosted by Bayfield County. The main utility of the application 

is the ability for users to input cover information for a given stand and a potential future stand cover 

type and visualize changes in predicted point-count abundance. The CART model dendrograms, PPI 

figures, and an interactive species distribution map of Bayfield County Forest are also available in the 

web application. 



NRRI/TSR-2019/06 ς Walton et al. 4 

Figure 1. Map of Integrated Resource Management Unit (IRMU) boundaries in Bayfield County Forest as 
of 2018. Bayfield County Forest Breeding Bird Survey point count locations (n = 1,200) are indicated by a 
dot; yellow dots represent points that were included in analyses (1,178 points), and blue dots represent 
points excluded because they were in primary cover types represented by less than 12 locations (22 
points). 
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Table 1. Primary cover types sampled during the Bayfield County Forest Breeding Bird Survey. Several 
cover types were grouped; groupings are indicated by the "Group" column and primary cover types that 
were lumped are listed in "Description" along with their Wisconsin Forest Inventory & Reporting System 
(WisFIRS) code in "Code." Only groups with at least 12 point counts (n) were included in analysis. 

Group Used n Description Code 

Aspen x 417 Aspen A 

Emergent vegetation  2 Emergent vegetation KEV 

Fir-spruce x 14 Fir-spruce FS 

Grass x 33 Grass G 

   Grass GG 

   Herbaceous vegetation GH 

Hemlock  3 Hemlock H 

Jack pine x 92 Jack pine PJ 

Lowland brush x 20 Lowland grass KG 

   Lowland brush LB 

   Alder LBA 

Muskeg-bog  1 Muskeg-bog KB 

Northern Hardwoods x 184 Northern Hardwoods NH 

Oak x 217 Oak O 

   Scrub oak OX 

Red maple  3 Red maple MR 

Red pine x 103 Red pine PR 

Swamp Conifers x 29 Black spruce SB 

   Swamp Conifers SC 

   Tamarack T 

Swamp Hardwoods  10 Swamp Hardwoods SH 

Upland brush x 13 Upland brush UB 

White birch x 23 White birch BW 

White cedar  3 White cedar C 

White pine x 33 White pine PW 
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Results and Discussion 

Overall 
Point counts. There were 114 species detected during the Bayfield County Breeding Bird Survey (Table 

2). Overall, the results of the point counts show mean species richness by stand varied from 2 to 20 and 

had a mean of 8.99 (SD 3.11; Fig. 2). While there was no clear spatial pattern to stand richness, there 

does appear to be a hot spot of richness in the south-central portion of Bayfield County Forest (Fig. 2). 

Mean species richness by primary cover type varied from 7.96 to 14.08 and mean Shannon diversity 

ranged from 7.02 to 12.39. Each of these indices was highest in upland brush and lowest in northern 

hardwoods (Fig. 3). 

We developed species accounts for 86 bird species (Appendix A). These included all species with a least 

10 observations plus state or federally listed species. Species recorded during the Bayfield County Forest 

Breeding Bird Survey that are currently state listed as Species of Greatest Conservation Need (SGCN), 

Special Concern (SC), Species with Information Needs (SINS), or federal listed as Species of Concern 

(SOC) or Threatened (THR) are identified in Table 2. A total of 19 SGCN/SC and 9 SINS were detected 

during the breeding surveys. Golden-winged Warbler was the only SOC detected and Upland Sandpiper 

was the sole Threatened species. Appendix A includes additional context, management 

recommendations, and a map of observations for these species of conservation importance. 

Species-specific analysis 
CART. We derived CART models for 53 species; however, ten-fold cross-validation indicated a single 

predicted value as the best model for seven of these, so these were eliminated from further 

consideration. The remaining 46 models with associated dendrograms are presented in Appendix A. A 

dendrogram is a decision tree representation of a CART model. Dendrograms can be used to predict 

point-count abundance for the species in any stand given the primary cover type and size class. The first 

node on a dendrogram represents the most important difference in a ǎǇŜŎƛŜǎΩ Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜ ŀƴŘ 

may be either primary cover or size. The number at the end of each terminal node represents the 

predicted mean point-count abundance in stands with a given combination of cover type and size class. 

The colors serve as an at-a-glance representation of high (green) and low (red) predicted point-count 

abundance. For example, the first node in the dendrogram for Least Flycatcher is primary cover (Fig. 

A36). Least Flycatcher prefers northern hardwoods, oak, and scrub oak over the rest of the surveyed 

cover types, as is depicted on the right branch in the dendrogram. Following this branch, the 

dendrogram shows Least Flycatcher prefers oak over northern hardwoods and scrub oak, the larger 

predicted point-count abundance shows the difference and the green color further illustrates this point. 

Returning to the left branch, within the lesser-preferred habitats, size is an important factor. Least 

Flycatcher prefers larger trees and is not found in non-forested or <5-inch DBH habitats. 

While we are confident in the usefulness of the CART models and the associated dendrograms, we urge 

some level of caution in interpretation. The reader is especially urged not to read into the absence of 

size in the dendrograms. For example, the right branches of the Least Flycatcher dendrogram do not 

include a size node. A naive reading of this would be that cover type size is not a major constraint, i.e., 

Least Flycatcher does not differentiate between age classes of northern hardwood and oak forests. This 

is not the case. We would not expect to find this species in oaks, scrub oaks, or northern hardwoods 

with, e.g., 0ς1 inch DBH, but since we have less than five sites with this condition (Table 3), we lack the 

power to make that differentiation. 



NRRI/TSR-2019/06 ς Walton et al. 7 

Finally, CART model species also have a map of point-count abundance predicted by CART for all Bayfield 

County Forest stands based on 2018 stand characteristics. State and federally listed species include a 

summary describing why the species is listed, habitat considerations, and a map of detections during the 

Bayfield County Forest BBS. Below we provide an example that illustrates the proper way to interpret a 

species account. 

PPI. PPI estimates were developed for 67 species (Table 2, Appendix A). Species with a PPI analysis 

include a bar chart of the PPI scores and indicate if the species was a significant indicator of any cover 

type; this figure is useful to quickly see what habitats a species uses most and if it can be more 

accurately categorized as a generalist or specialist (Appendix A). Large PPI values indicate a given species 

is a significant indicator of this cover type. Moderate PPI values spread across multiple cover types 

indicates that a species is acting more like a generalist; the opposite pattern will be apparent in a 

specialist. Interpretation of the PPI bar chart is relatively straightforward. For example, Least Flycatcher 

was detected in 231 sites and was significantly associated with oak forests (Figure A37). The correct 

interpretation of this figure is that within Bayfield County Forests, Least Flycatcher is most frequent and 

abundant within oak forests. This does not necessarily mean that Least Flycatcher prefers oak forests 

everywhere, and they could be relatively rare in this habitat (just more common than everywhere else). 

We suggest a cautious approach when interpreting PPI values for species with small numbers of sites 

with detections, as this may increase the likelihood of spurious results. An additional concern is that 

some habitat types were lumped and some were excluded. It is likely that, given a large-enough sample 

of some of the excluded habitats, a few species would have shown different preferences. For example, 

in our models, Swamp Sparrow (A93) and Red-winged Blackbird (A97) appear to be lowland brush 

specialists but likely would have shown a preference for emergent vegetation if enough of these sites 

had been surveyed. 

R Shiny App. The R Shiny web application associated with this project will make these models accessible 

to foresters in the office or in the field. Users can input two scenarios (perhaps a before and after 

scenario or multiple potential future scenarios) and compare predicted point-count abundance for each 

possibility. The predictions can be viewed as a table or as a bar plot. It is also possible to limit the 

reported to Species of Greatest Conservation Need, Species with Information Needs, or federal Species 

of Concern. Users can search for a species, including multiple species or family name. For example, 

searching fƻǊ άǿŀǊōƭŜǊ ǎǇŀǊǊƻǿέ ǿƻǳƭŘ ǊŜǘǳǊƴ ŀƭƭ ǎǇŜŎƛŜǎ ǿƛǘƘ ǿŀǊōƭŜǊ ƻǊ ǎǇŀǊǊƻǿ ƛƴ ǘƘŜ ŎƻƳƳƻƴ ƴŀƳŜΦ 

.ƛǊŘ ŀƭǇƘŀ ŎƻŘŜǎ ŀǊŜ ŀƭǎƻ ǎǳǇǇƻǊǘŜŘΣ ǎƻ ƻƴŜ ŎƻǳƭŘ ǎŜŀǊŎƘ ŦƻǊΣ ŜΦƎΦΣ ά![C[ h{C[έ ŀƴŘ ǎŜŜ ǊŜǎǳƭǘǎ ŦƻǊ !ƭŘŜǊ 

Flycatcher and Olive-sided Flycatcher. There is also a page to view individual species predictions and the 

associated CART dendrogram (for those species with a CART model), and the PPI scores. Another page 

displays the predicted species distribution at the stand scale based on 2018 land cover data. 

Bird community analysis 
Oaks and Northern Hardwoods. Northern hardwood and oak bird communities differed significantly 

(F = 13.53; P = 0.001). There were seven bird species that were significant indicators of oak stands, and 

three species (Black-throated Green Warbler, Ovenbird, and Wood Thrush) were characteristic of 

northern hardwood stands (Table 4). Species characteristic of northern hardwood stands are species 

that are present mostly in closed canopy forest types. By contrast, species that exemplified oak 

communities exhibit more variable habitat preferences. Eastern Wood-Pewee and Yellow-throated 

Vireo prefer larger trees with relatively open canopies and understories. Chipping Sparrow, Least 

Flycatcher, and Indigo Bunting prefer woodlands that have gaps (and associated edge habitat) and/or 
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open understories. Pine Warbler is almost exclusively found in mature pine forest (Pfannmuller et al. 

2017), suggesting there is pine mixed in with at least some oak stands. 

Bird communities in thinned and unthinned oak stands were significantly different (F = 12.95; P = 0.001). 

Six species were characteristic of thinned oak stands, and three species were characteristic of unthinned 

oak stands (Table 5). Thinned oak forests attract stereotypical early-successional species such as 

American Redstart, Chestnut-sided Warbler, and Mourning Warbler (Table 5). In contrast, two of the 

three characteristic species of unthinned oak, Black-throated Green Warbler and Ovenbird, were also 

characteristic of northern hardwoods in the northern hardwood/oak stand comparison. This may seem 

counterintuitive at first, as both species are most associated with northern hardwood stands in Bayfield 

County Forest (Figs. A127 and A173), but when limiting our analysis to oak stands, these species are 

more likely to be detected in unthinned oak stands. 

Pine Forests. There was no significant difference between bird communities in red pine and jack pine 

stands within the 0ς1 or 1ς5 inch size classes; however, there was a significant difference in 

communities  in stands with > 5-inch size class (F = 3.04; P = 0.002). Connecticut Warbler was the only 

characteristic species in jack pine stands (Table 6). While this species is found almost exclusively in black 

spruce-tamarack bogs in nearby Minnesota (Pfannmuller et al. 2017), it was found most frequently in 

mature jack pine in the Bayfield County Forest Breeding Bird Survey (Fig. A140). Red-eyed Vireo was 

near significant for inclusion as a characteristic species of jack pine (P = 0.068). This species is not 

associated with jack or red pine (Figs. A46 and A 47), but it is more associated with jack than red pine. 

There were no significantly characteristic species found for red pine stands (Table 6). However, Pine 

Warbler was near significant (P = 0.068). This species prefers mature pines, but generally those that 

grow taller than a typical jack pine in Bayfield County Forest. 

The number of thinnings (0, 1, 2, or 3) in red pine stands was not a significant predictor of species 

richness (P = 0.13), but it was a marginally significant predictor of Shannon diversity (P = 0.05; Fig. 4). 

The overall permutational MANOVA indicated that at least one of the four potential communities was 

significantly different from the others (F = 2.88; P = 0.001). Pair-wise permutational MANOVA showed 

stands that were never thinned were significantly different from all stands that had been thinned at 

least once (Table 7). The communities in stands that were thinned once were significantly different from 

stands that had been thinned three times, but there was no significant difference between one and two 

thinnings or two and three thinnings. The PPI analysis found characteristic species for only unthinned 

stands and stands that were thinned three times (Table 8). Black-throated Green Warbler was the only 

characteristic species in unthinned stands. This species prefers closed canopy forests, which is consistent 

with our associations of unthinned versus thinned red pine stands. Pine Warbler and Veery were 

characteristic of stands that were thinned three times. Pine Warbler prefers large pine trees, which are 

more likely in thinned stands of the same size class. Veery prefers forest types with dense understories 

(Pfannmuller et al. 2017), typically deciduous, which may be more likely to occur in thinned than 

unthinned red pine stand. Thinning of red pine stands may allow deciduous species to regenerate into 

the understories, which are most desired by Veery. 

Aspen. Species richness and diversity are highest in aspen stands soon after harvest, drop for 

approximately 25 years, and slowly increase for the life of the stand (Fig. 5). MRT analysis identified the 

following community clusters based on stand age: 0ς6, 7ς12, 13ς20, 21ς68, and >=69 years since 

harvest (Fig. 5). PPI analysis found characteristic species in each group except 13ς20 years since harvest 

(Table 9). The 0ς6 year community is characterized by open shrubby species such as Alder Flycatcher 
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and Golden-winged Warbler. The 7ς12 year group has mid-successional species like Rose-breasted 

Grosbeak, but also Brown Thrasher, a shrub/edge species. The 21ς68 year group has more mature 

forest/closed canopy species such as Ovenbird and Red-eyed Vireo. Finally, the 69 year and over group 

has a diverse group of old-growth species like Wood Thrush and Canada Warbler. Wood Thrush need 

large, mature deciduous forests for breeding, while Canada Warbler may be responding to shrubby 

vegetation created by tree gaps (Pfannmuller et al. 2017) in these older, senescing forests. 

Recommendations 
This study could be expanded in the future in several ways. A designed study in any of the paired habits 

(e.g. jack pine and red pine, or northern hardwoods and oak) would improve our ability to detect 

differences in the communities and their distinctive species. We think the questions about community 

differences and diversity in red pine systems with varying numbers of thinnings are particularly ripe for 

this type of study. A designed study could also be used to explore other questions such as the impact of 

leave tree configuration on bird communities. 

Breeding bird point counts are very useful for many avian species in our region. However, there are also 

many species that have very poor point-count detectability. This can be because they vocalize 

infrequently, are difficult to identify to species, are inactive during the point-count period, have large 

home ranges (i.e. are widely dispersed with few individuals in any given area), or some combination of 

these issues. Owls and woodpeckers are two groups that are poorly sampled by point count. 

Autonomous recording units (ARUs) could be used to better understand the distribution of each of these 

groups. See Shonfield and Bayne (2017) for an overview of ARU use in ornithology. ARUs provide a 

particularly good sampling method for owls, as this group vocalizes infrequently and has large home 

ranges. ARUs can be set to record daily during peak owl vocalization periods, thereby greatly increasing 

the probably of detection. Woodpeckers are active during the typical point-count period, but they also 

vocalize infrequently. Additionally, their territorial display (drumming) is difficult or impossible for 

observers to identify to species in the field. Fortunately, recordings of drumming are relatively easy to 

identify to species. A more intensive approach might be to pair occupancy modeling (Mackenzie et al. 

2002) with LiDAR data to model woodpecker occupancy in different age stands (e.g. Martinuzzi et al. 

2009, Vierling et al. 2013). 
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Figure 2. Map of mean species richness by stand in Bayfield County Forest based on 1,200 point counts. 
We used mean point count richness because the number of point counts varied between stands. 
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Figure 3. Mean species richness and Shannon diversity by primary cover type in Bayfield County Forest. 
Error bars are +/- one standard error. The cover type with the highest richness and diversity was upland 
brush (14.07 and 12.39). The cover type with the lowest richness and diversity was northern hardwoods 
(7.96 and 7.02). 

Figure 4. Mean species richness and Shannon diversity in red pine stands by number of thinnings in 
Bayfield County Forest. Error bars are +/- one standard error. An ANOVA of richness by times thinned 
showed no significant difference among treatments (P = 0.13). An ANOVA of diversity by times thinned 
was marginally significant (P = 0.048), but a post hoc pair-ǿƛǎŜ ŀƴŀƭȅǎƛǎ ǳǎƛƴƎ ¢ǳƪŜȅΩǎ ŎƻǊǊŜŎǘƛƻƴ ŦƻǊ 
multiple comparisons found no significant difference between any two treatments. 
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Figure 5. Mean richness and Shannon diversity by age for aspen stands in Bayfield County Forest. Error 
bars are +/- one standard error. Dashed red lines separate community clusters identified by multivariate 
regression tree (MRT). Characteristic species for each cluster can found in Table 9. 
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Table 2. List of 112 species recorded during the Bayfield County Forest Breeding Bird Survey (2008 ς 
2011) excluding flyovers. άStatusέ indicates Species of Greatest Conservation Need/Special Concern 
(SGCN), Species with Information Needs (SINS), Federal Species of Concern (SOC), and Federally 
Threatened (THR). /ƻƭǳƳƴǎ άCARTέ and άPPIέ respectively indicate if a CART or Percent Perfect Indicator 
analysis was conducted. άStandsέ is the number of stands where each species was reported (of 780 
stands sampled) and άPointsέ is the number points from which each species was recorded (of 1,200 
points surveyed). Canada Goose (Branta canadensis) and Ring-billed Gull (Larus delawarensis) were 
excluded from this table, as they were only recorded as flyovers. Each of those species was recorded 
during a single point count. 

Common Name Scientific Name Status CART PPI Stands Points 

Wood Duck Aix sponsa    3 3 

Ruffed Grouse Bonasa umbellus   x 20 20 

Sharp-tailed Grouse Tympanuchus phasianellus SGCN   4 4 

Wild Turkey Meleagris gallopavo    1 1 

Mourning Dove Zenaida macroura  x x 73 87 

Yellow-billed Cuckoo Coccyzus americanus SINS   5 6 

Black-billed Cuckoo Coccyzus erythropthalmus    20 21 

Common Nighthawk Chordeiles minor SGCN   9 10 

Eastern Whip-poor-will Antrostomus vociferus SGCN   18 19 

Ruby-throated Hummingbird Archilochus colubris  x x 40 41 

Sandhill Crane Antigone canadensis    1 1 

Killdeer Charadrius vociferus    1 2 

Upland Sandpiper Bartramia longicauda SGCN/THR  4 5 

American Woodcock Scolopax minor SGCN   5 5 

Wilson's Snipe Gallinago delicata    1 1 

Common Loon Gavia immer SINS   1 1 

Sharp-shinned Hawk Accipiter striatus    3 3 

Broad-winged Hawk Buteo platypterus    11 11 

Red-tailed Hawk Buteo jamaicensis    6 6 

Great Horned Owl Bubo virginianus    3 3 

Barred Owl Strix varia    8 9 

Long-eared Owl Asio otus SGCN   1 1 

Red-headed Woodpecker Melanerpes erythrocephalus SGCN   2 3 

Red-bellied Woodpecker Melanerpes carolinus    2 2 

Yellow-bellied Sapsucker Sphyrapicus varius  x x 265 331 

Black-backed Woodpecker Picoides arcticus SGCN   3 5 

Downy Woodpecker Dryobates pubescens    4 4 

Hairy Woodpecker Dryobates villosus   x 47 48 

Northern Flicker Colaptes auratus auratus   x 132 149 

Pileated Woodpecker Dryocopus pileatus   x 34 39 

Great Crested Flycatcher Myiarchus crinitus   x 47 49 

Eastern Kingbird Tyrannus tyrannus  x x 30 42 

Olive-sided Flycatcher Contopus cooperi SGCN   2 2 

Eastern Wood-Pewee Contopus virens  x x 266 346 
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Common Name Scientific Name Status CART PPI Stands Points 

Yellow-bellied Flycatcher Empidonax flaviventris   x 26 31 

Alder Flycatcher Empidonax alnorum  x x 70 96 

Least Flycatcher Empidonax minimus SGCN x x 180 233 

Eastern Phoebe Sayornis phoebe    3 3 

Yellow-throated Vireo Vireo flavifrons  x x 33 37 

Blue-headed Vireo Vireo solitarius  x x 39 43 

Red-eyed Vireo Vireo olivaceus  x x 625 903 

Blue Jay Cyanocitta cristata  x x 257 303 

American Crow Corvus brachyrhynchos   x 126 142 

Common Raven Corvus corax   x 129 145 

Purple Martin Progne subis SGCN   1 1 

Tree Swallow Tachycineta bicolor    7 7 

Barn Swallow Hirundo rustica    1 1 

Black-capped Chickadee Poecile atricapillus   x 86 93 

Boreal Chickadee Poecile hudsonicus SGCN   1 1 

Red-breasted Nuthatch Sitta canadensis  x x 106 123 

White-breasted Nuthatch Sitta carolinensis  x x 46 52 

Brown Creeper Certhia americana   x 11 11 

House Wren Troglodytes aedon   x 21 23 

Winter Wren Troglodytes hiemalis   x 34 37 

Sedge Wren Cistothorus platensis    3 3 

Golden-crowned Kinglet Regulus satrapa   x 10 11 

Eastern Bluebird Sialia sialis   x 16 19 

Veery Catharus fuscescens  x x 425 544 

Swainson's Thrush Catharus ustulatus SGCN  x 25 25 

Hermit Thrush Catharus guttatus  x x 393 488 

Wood Thrush Hylocichla mustelina SINS x x 42 45 

American Robin Turdus migratorius  x x 283 337 

Gray Catbird Dumetella carolinensis  x x 29 35 

Brown Thrasher Toxostoma rufum SINS x x 78 109 

Cedar Waxwing Bombycilla cedrorum   x 76 80 

Evening Grosbeak Coccothraustes vespertinus SGCN   4 4 

Purple Finch Haemorhous purpureus   x 21 21 

Red Crossbill Loxia curvirostra SINS   1 1 

White-winged Crossbill Loxia leucoptera SINS   1 1 

Pine Siskin Spinus pinus    2 2 

American Goldfinch Spinus tristis  x x 68 76 

Eastern Towhee Pipilo erythrophthalmus  x x 186 276 

Chipping Sparrow Spizella passerina  x x 137 168 

Clay-colored Sparrow Spizella pallida  x x 65 111 

Field Sparrow Spizella pusilla SINS   7 7 

Vesper Sparrow Pooecetes gramineus SGCN x x 45 74 

Grasshopper Sparrow Ammodramus savannarum SGCN   2 3 
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Common Name Scientific Name Status CART PPI Stands Points 

Song Sparrow Melospiza melodia  x x 124 166 

Lincoln's Sparrow Melospiza lincolnii    3 3 

Swamp Sparrow Melospiza georgiana   x 11 15 

White-throated Sparrow Zonotrichia albicollis  x x 167 202 

Dark-eyed Junco Junco heymalis  hyemalis    5 6 

Baltimore Oriole Icterus galbula    5 5 

Red-winged Blackbird Agelaius phoeniceus   x 21 23 

Brown-headed Cowbird Molothrus ater  x x 62 72 

Brewer's Blackbird Euphagus cyanocephalus SGCN  x 19 22 

Common Grackle Quiscalus quiscula    5 5 

Ovenbird Seiurus aurocapilla  x x 673 1002 

Northern Waterthrush Parkesia noveboracensis    10 10 

Golden-winged Warbler Vermivora chrysoptera SGCN/SOC x x 45 54 

Black-and-white Warbler Mniotilta varia  x x 121 139 

Tennessee Warbler Oreothlypis peregrina    1 2 

Nashville Warbler Oreothlypis ruficapilla  x x 283 361 

Connecticut Warbler Oporornis agilis SGCN x x 31 46 

Mourning Warbler Geothlypis philadelphia  x x 164 190 

Common Yellowthroat Geothlypis trichas  x x 121 153 

American Redstart Setophaga ruticilla  x x 175 209 

Cape May Warbler Setophaga tigrina    1 1 

Northern Parula Setophaga americana   x 20 22 

Magnolia Warbler Setophaga magnolia    9 10 

Blackburnian Warbler Setophaga fusca  x x 78 87 

Yellow Warbler Setophaga petechia  x x 22 34 

Chestnut-sided Warbler Setophaga pensylvanica  x x 287 355 

Black-throated Blue Warbler Setophaga caerulescens  x x 29 33 

Palm Warbler Setophaga palmarum SINS   6 8 

Pine Warbler Setophaga pinus  x x 116 129 

Yellow-rumped Warbler Setophaga coronata  x x 65 72 

Black-throated Green Warbler Setophaga virens  x x 243 299 

Canada Warbler Cardellina canadensis SINS x x 58 65 

Scarlet Tanager Piranga olivacea  x x 216 247 

Rose-breasted Grosbeak Pheucticus ludovicianus  x x 383 480 

Indigo Bunting Passerina cyanea   x x 127 149 
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Table 3. Frequency (n point-count locations) of size class by primary cover type found used in this 
analysis. Note that non-forest cover types (e.g. grass) are always classified as "Non-forest" size. 
Conversely, no forest cover type is classified as "Non-forest." In addition, most mature forest types (e.g. 
northern hardwoods) are rarely found in the 0ς1 or 1ς5 inch size classes. 

Primary cover type 
Size class (inch) 

Non-forest 0-1 1-5 5-11 > 11 

Aspen 0 63 174 158 22 

Fir-spruce 0 0 1 13 0 

Grass 33 0 0 0 0 

Jack pine 0 48 15 29 0 

Lowland brush 20 0 0 0 0 

Northern Hardwoods 0 2 3 104 75 

Oak 0 3 4 122 88 

Red pine 0 30 12 29 32 

Swamp Conifers 0 0 1 25 3 

Upland brush 13 0 0 0 0 

White birch 0 3 8 11 1 

White pine 0 2 0 5 26 

 

 

Table 4. Species driving community differences between northern hardwoods and oak cover types in 
Bayfield County Forest. Only significant species are included. Overall communities were found to be 
different based on permutational MANOVA (F = 13.53; P = 0.001). 

Primary cover Species PPI P 

Northern Hardwoods Ovenbird 54.97 0.001 

 Black-throated Green Warbler 34.15 0.002 

 Wood Thrush 11.25 0.001 

Oak Eastern Wood-Pewee 46.27 0.001 

 Least Flycatcher 45.02 0.001 

 American Robin 19.73 0.038 

 Indigo Bunting 13.14 0.001 

 Yellow-throated Vireo 11.23 0.001 

 Chipping Sparrow 9.87 0.001 

  Pine Warbler 9.74 0.001 
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Table 5. Species driving community differences between thinned and unthinned oak forest in Bayfield 
County Forest. Only significant species are shown. Overall communities were found to be different 
based on permutational (F = 12.95; P = 0.001). 

Thinned Species PPI P 

No Ovenbird 57.45 0.001 

 Black-throated Green Warbler 43.15 0.001 

 Yellow-bellied Sapsucker 34.81 0.037 

Yes Chestnut-sided Warbler 48.01 0.001 

 Mourning Warbler 34.3 0.001 

 American Redstart 29.22 0.005 

 Indigo Bunting 28.82 0.001 

 Chipping Sparrow 15.64 0.01 

  Eastern Towhee 11.18 0.017 

 

 

Table 6. Species driving community differences between > 5-inch jack pine and red pine forest in 
Bayfield County Forest. Significant and near significant species are shown (alpha = 0.05). These 
communities were found to be different based on permutational MANOVA (F = 3.04; P = 0.002). The 
communities in these cover types were not significantly different from each other in 0ς1 inch or 1ς5 
inch size classes. 

Cover type Species PPI P 

Jack pine Connecticut Warbler 37.94 0.006 

 Red-eyed Vireo 28.57 0.068 

Red pine Pine Warbler 36.61 0.068 

 

 

Table 7. Pair-wise comparison of bird communities based on number of thinnings in > 5-inch size class 
pine stands in Bayfield County Forest. Groups based on permutational MANOVA using p-values 
corrected for multiple comparisons (alpha = 0.05). 

Times thinned Group 

0 a 

1 b 

2 b and c 

3 c 
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Table 8. Species driving community differences between > 5-inch size class red pine stands with 
different numbers of thinnings in Bayfield County Forest. Only significant species are shown. No 
distinctive species were found in stands with 1 or 2 thinnings. Analysis was limited to species with at 
least 10 records from > 5-inch pine stands. Overall, permutational MANOVA found at least one 
community was significantly different from the others (F = 2.88; P = 0.001); see Table 7 for pair-wise 
comparison of communities. 

Times thinned Species PPI P 

0 Black-throated Green Warbler 36.83 0.038 

3 Pine Warbler 52.31 0.008 

3 Veery 37.85 0.038 

 

 

Table 9. Characteristic species in aspen stands by age. Age groups are based on multivariate regression 
tree (MRT) analysis, and characteristic species were selected based on percent perfect indicator (PPI). 
Only species with significant PPI are included in this table. 

Age Species PPI P 

0-6 Alder Flycatcher 47.7 <0.001 

 American Goldfinch 35.04 <0.001 

 Chipping Sparrow 26.08 <0.001 

 Common Yellowthroat 31.83 <0.001 

 Eastern Towhee 43.37 <0.001 

 Mourning Warbler 42.85 <0.001 

 Song Sparrow 59.31 <0.001 

 White-throated Sparrow 41.47 <0.001 

 American Robin 23.24 0.001 

 Brown-headed Cowbird 18.46 0.001 

 Chestnut-sided Warbler 31.34 0.001 

 Golden-winged Warbler 18.13 0.001 

 Indigo Bunting 24.37 0.001 

 Vesper Sparrow 14.71 0.001 

 Gray Catbird 12.9 0.002 

7-12 American Redstart 32.77 <0.001 

 Rose-breasted Grosbeak 19.54 0.022 

 Brown Thrasher 7.76 0.030 

21-68 Ovenbird 32.1 <0.001 

 Red-eyed Vireo 26.41 0.007 

>=69 Black-throated Green Warbler 47.81 <0.001 

 Canada Warbler 19.01 0.001 

 Yellow-bellied Sapsucker 22.42 0.003 

 Red-breasted Nuthatch 14.21 0.007 

 Blackburnian Warbler 12.12 0.013 

  Wood Thrush 9.3 0.025 
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Appendix A: Species Accounts 

Ruffed Grouse (Bonasa umbellus) 
Ruffed Grouse was detected from 20 point counts during the Bayfield County Forest BBS. Based on PPI 

analysis, they are most associated with Fir-spruce cover, but this was not significant (P = 0.11). 

 

 

 

 

Sharp-tailed Grouse (Tympanuchus phasianellus) 
Sharp-tailed Grouse is a Wisconsin Species of Greatest Conservation Need. This species was recorded 

from four stands during the Bayfield County Forest BBS. Point counts are not the best method for 

surveying this species; spring lek surveys would be more effective. Introduction efforts in the pine and 

oak barrens area are underway, and habitat restoration and preservation work is ongoing (Wisconsin 

DNR 2018). The pine and oak barrens in northwestern Wisconsin are some of the last refuges of this 

species in the state, and we recommend any and all efforts to restore this unique habitat in northern 

Wisconsin. 

Figure A1. PPI score for Roughed Grouse based on 19 sites with detections within 100 m. The strongest 

association was with fir-spruce, but it was not significant (P = 0.11). 
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Figure A2. Location of point counts with Sharp-tailed Grouse detections from the Bayfield County 

Forest Breeding Bird Survey. 
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Mourning Dove (Zenaida macroura) 
Mourning Dove is a bird of sparsely forested to open habitats as seen in the dendrogram (A2) and PPI 

figure (A3). The CART model predicts that it will be found most frequently in non-forested or early 

successional grass, jack pine, red pine, and upland brush. The PPI analysis indicates that Mourning Dove 

was especially associated with upland brush (P = 0.01). Mourning Dove was recorded from 87 points. Its 

predicted distribution for 2018 can be seen in Figure A5. 

 

 

 

Figure A3. Dendrogram of CART model used to predict point count abundance of Mourning Dove. 

Figure A4. PPI score for Mourning Dove based on 66 sites with detections within 100 m. The 

strongest association was with upland brush (P = 0.01). 
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Figure A5. Predicted species distribution of Mourning Dove in Bayfield County Forest based on CART 

model. 


















































































































































































































































































